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A GeV, wide-field Instrument 


Energy Dependence Incidence Angle Depend- 
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"” i Unidentified Gamma-ray Sources 

4 Previous MeV-GeV energy gamma-ray missions 
left a legacy of “unidentified” sources (~2/3 of 

3 EG catalog) 

-f Unidentified meant multiple possible candidates OR no 
plausible candidates (unassociated) 

-4- LAT first catalog <50% unassociated 
4- LAT associations greatly aided by 

4 Dramatically improved gamma-ray localization 
4 Dedicated catalogs of potential gamma- ray 

counterparts 

4- Multi wave length searches 
4 LAT identifications from 
4- Periodicity 
4 Spatial morphology 

4- Correlated variability with other observations 


Variability in 1FGL Sources 
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Curvature in 1FGL Sources 


+90 



-90 


Mo association 
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Spectral- Variability Classification 


+ Separability of blazars and pulsars in the 
variability-spectral curvature plane 



Pulsars and their wind nebulae 


+ Bright Nebulae in the GeV band 


Gamma- ray Pulsars and MSPs 


tirtstr Young r»3x>.*slsel®i) puiwre 
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More than 56 gamma-ray pulsars in the first year 
Plus gamma-selected MSPs 
»><« Abdo. A. A et a!. 2010, ApJS. 187, 460 





- GeV PWN Search 

4- Known high-energy PWNe 

4- From X-ray and TeV observations 
+ Crab, Vela X, MSH 15-52 nebulae.-. 

+■ Off-peak searches of gamma-ray pulsars 
+ Catalog from LAT team underway 
+ Young, energetic radio pulsars 
+ TeV nebula candidates 



Vela X: Nebula of the Vela Pulsar 


Excess map 



Excess counts E>800 MeV 
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Data compared with a 
simulated point source at 
position of Vela Pulsar 


Abdo, A. A, et ai. 2010, ApJ, 713, 146 



Hyper- exponential cutoff , ■- 

. , , - eneffly jM«V) 

excluded at -a sigma. 

Consistent with emission Inverse Compton emission 

well above the neutron consistent with mean magnetic field 

star surface in nebula 100 uG < B < 200 uC, 


May 28. 2011) 


Abdo, A. A. et al. 2010, ApJ, 708, 1254 
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Supernova Remnants 


Resolved GeV Sources 



Bright gamma-ray sources associated with severai supernovae 
interacting with molecular clouds 
Extension resolved in LAT data 


LAT counts map (2-8 GeV) 
X-ray (0.1 -2.4 keV, black) and 
radio (1.4 GHz, green) contours 


LAT counts map (2 10 GeV) 
Radio (1.4 GHz, green) contours 



ft Unassociated transients from daily search 
O Low latitude blazars from First LAT Catalog 
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•" Gamma rays from a Nova 

+ Fermi J2102+4542 
+ Located in the direction of the Cvgnus 
region 

+ Bright, high confidence, detected over 
several days by automated processing 
4- No likely blazars in error circle... 


V 407 Cygni - a symbiotic nova 


+■ Position and timing consistent with V 407 Cygni. a 
recurrent nova detected in outburst -2 days before the 
Fermi report 





May 28. 2010 


V407 Cygni: a variable star 


March 1 1 - A Nova! 


Symbiotic binary: 

White dwarf star and red giant star 
orbiting each other 





Variability from 

- Mira variable star 

- White dwarf accretion 

- Binary interaction 

A complex and fascinating system! 

V407 Cyg ~ 6000 light years 
away 


Hydrogen accreting on to the surface of the white dwarf ignites a nuclear 
explosion (30-60 of these per year in Milky Way) 



Very few systems exoiode on decade timescales (RS Ophiuchi -20 




Symbiotic Nova 


4 Symbiotic Binary System: White dwarf + red 
giant system 

4- Nova: White dwarf builds up mass envelope to 
the point of thermonuclear fusion 
4- Dramatic increase in visual magnitude 
4- Recurrent Nova? 

-f Hints but no strong confirmation of previous nova 

-4- Pre-nova activity 

4- White dwarf shows ongoing variability at level of several 
in magnitude 

4 V407 Cyg companion is a Mira star showing variability 
at level of several in magnitude 
+ Dusty environment with stellar wind 
4- Origin of the gamma rays? 

+■ Strong shock propagating into dense medium around 
Mat j>t glMnt star land stellar wind) 

Pion d ec a v -or electron- or.oce&se s 2.xbre.hm&u:ahluna. . 


Summary 


http://fermi. gsfc.nasa.gov 

May >.*. 2010 



Pulsars everywhere... 


4- >50 gamma-ray pulsars so far 
4 >40 young, energetic pulsars 
•+• 9 old, recycled millisecond 
pulsars 

+ identifying EGRET unidentifieds 
and LAT unidentifieds 
4- Gamma-ray beam is bigger than f 
radio beam 

+• Pulsar spectra have exponential 
cutoffs in the GeV band 
Gamma rays from ourer 
magnetosphere preferred 
+ Bonus: LAT unidentifieds also 
turning up new radio 
millisecond pulsars 





LAT as an Electron Detector 


Selection cnte 


+ -100% efficient for £>20 GeV 
+ Good hadron rejection (up to 
1:10M at i TeV) 

+ Detailed simulations and 
comparisons With data 
+ Systemaiics <20% 

•MC-data, acceptance, proton 
spectrum, energy calibration 


11 month dota set 


Preliminary 


1079 T5>25. fbl>1 O' sources 


• 668 AGNs (P aMM »80%) 
+186 candidates 


Census: 

■ 286 FSRQa 
• 26 <1 8 1 Lacs 
i j 4 1 with meastiren i) 


Residual hadronic contamination 


.10 Radio gafaxi*s 


<20% over energy range 


< 2 %. 


Differences between Northern Hemisphere and 
Southern one (FSRQs: 7%, BLLACs 25 %) 


Pasters: PS-1 06, S Healey etui 
F1-37.M Shan et al 


H/ivs 


2X. 2010 


Cosmic-ray e + +e spectrum from 20 GeV to 1 TeV 


Tracker tTKR; 
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+ LAT error 
band includes 
systematics 
+ Model 
assumes 
standard CR 
injection and 
propagation 


Anti-Coincidence Detector 
(ACD): 

♦ Segmenieo i89 <>iesi 

♦ Seli-velo @ n/gh enatgy liiniiea 

♦ Efficiency 0 9997 (overall) 


channels 
+ High precis on 
tracking, iow deao tun* 


Calorimeter 

(CAL): 


Abdo et al. 2009, Physical Review Letters, 
102, 181101 


HoOOsCtipiC 



Large Area 
Telescope (LAT) 
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On-orbit Energy Calibration 


■ On-orbit Rates 




Occasional charge 
injection runs 
Low energy - protons 
High energy - "heavy 
ion” triggers that 
overlap low and high 
range readout 
Energy scale 
monitored heavy 
cosmic- ray nuclei 
■+■ 500 MeV Carbon 
+ 8 GeV Iron 


N A 

m 


iOglSfctyatat energy (MeV 
Secondary v’s from Earth 
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Preliminary 


Raw rate 



Downlink rate 


Photon rate 



+ Overall trigger rate: -few KHz 
+ Huge variations due to 
orbital effects 

♦ Downlink rate: - 400- 500 Hz 
+ 90% from gamma filter 
+ ~ 20-30 Hz from 
diagnostic filter 
+ - 5 Hz from heavy ion 
filter 

+- Photon-selected event rate 
(passing standard background 
rejection cuts): ~1 Hz 


May 28. 2010 




Gamma ray... Cosmic ray... Both? 


, Early track 



On-orbit effect - reduced effective area at low energy due to 
signals from out-of-time particles in the readout. 
Post-launch update - properly modeled in simulations 
Planned update - improve reconstruction to regain area 
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- Fermi J09 10-5041 



Fermi J0910-504X 

(ATEL ft 1788} 


'AG Carinas 


• October 1 ;■). 2008 
gam rn a ray me least? 
over 2 days 

- j Ox above average 
gamma- ray flux 

• Swift XRT TOO 
within 1 day 


Fermi J 1057-6027 


- June 1 1, 2009, gamma- ray 
increase over 1 day 

- Coincident with a known. LAT 
source 

- 95% confidence radius 
0.07 deg 

- 10.x above average gamma -ray 

ilux 

- Swift XRT TOO within 1 day 
(ATELS #2082, #2083) 

- AG Carinae, luminous blue 
variable (LBV) star with X-ray 
and radio emission, 7.7’ away 


- J1057-6027 
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